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The dark males follow the ferr.ales to the plains and foothills, mate
during the autumn and die during the winter. During the spring,
however, most of the first brood pale green males remain behind on the
plains and foothills and probably die after the pasture vegetation be-
comes dry. After a flight had occurred during the spring, 8% of the
specimens colleGtedin the cultivated area were males and 92% were fe-
males. After the invasion of the spring brood into the cultivated area
92% of the females had mature eggs in the ovaries.

OBSERVATIONS ON THE BIOLOGY OF APPLE APHIDS

By FRANK H. LATHROP, Associate Entomologist
Oregon Agricultural Experiment Station

It not infrequently happens that methods of treatment which have
been used with great success in the control of insect pests in one section
of the country prove inadequate when applied in some more or less dis-
tant section. Moreover, certain treatments, such as oil sprays, which
are used with comparative safety in one section, may be too injurious
to permit of their general use in another section or under diffe~ent cli-
matic conditions. These apparent discrepancies may usually be
explained upon the basis of variation in behavior of the insect pests or
of the orchard trees in reacting to the dissimilar conditions of climate,
topography, or other environmental conditions of the two regions.

It is therefore desirable, in the study of insect pests, to compare,
whenever possible, the characteristic behavior of the insects in different
sections of the country.

During the seasons of 1915 and 1916, the writer had opportunity to
study, at the Geneva Station in Western New York, the three species of
aphids, (Aphis avenae Fab., Aphis pomi De G., and Aphis sorbi Kalt)
which are commonly injurious in apple orchards. Since 1917 these
observations have been continued in Western Oregon. This study,
made in districts sowidely separated and so distinctly different in climate,
has brought out several interesting facts relative to the behavior of these
insects.

RELATIVE ABUNDANCE OF THE SFECIES

Probably the first difference to be noted is the relative abundance of
the several species in the two regions.

In western New York, Aphis avenae is normally the most abundant of
the three species. Although the actual injury from this species is
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slight because of its low toxicity upon apple, the species, nevertheless,
produces a heavy and conspicuous infestation, especially upon the blos-
som clusters, where it occurs in enormous numbers.

In the fruit districts of the Willamette Valley, Oregon, this species
is rare upon apple, and each spring a thorough search has been necessary
in order to find even a single colony in any of the orchards in which ex-
aminations were made. Apparently this same condition applies in
California.! However, the species occurs more or less commonly on
grains and grasses in both Oregon and California. This seems to indi-
cate that the species is not conspicuous as an apple pest in regions where
the climate permits wintering on grains or grasses.

Next to Aphis avenae, A. pomi is the most abundant in apple orchards
of Western New York. The species increases in abundance during mid-
summer and young plantings as well as the more succulent portions of
mature trees frequently suffer severe injury.

In Western Oregon,A phis pomi is by no means uncommon, but severe
injury from this species is not of frequent oC01rrence. The greatest
abundance occurs in early summer; later in the season, infestation usual-
ly subsides to a minimum.

A phis sorbi is by far the most common species inWestern Oregon,while
in Western New York, it is ordinarily the least numerous of the three.
Because of the high toxicity of this speciesupon apple, and because of its
habit of malform.ing the fruit, this is a serious pest wherever it occurs.
The great abundance of this species under normal conditions in Western
Oregon ranks this insect with the codling moth as one of the major pests
of the apple

HATCHING

Spring advances rapidly in Western New York with a proportionally
rapid hatching of the eggs of the aphids under consideration. The
gradual approach of spring in Western Oregon is accompanied by a long
hatching period. There is a corresponding and even more striking pro-
longation of the intervals between the hatching periods of the several
speCies.

During the spring of 1916 Aphis avenae began hatching in the locality
of Geneva, N. Y. on April 22; A. pomi on April 26, a difference of four
days. A. sorbi was intermediate between these two, but there was so
little difference in time that the hatching of the two species appeared to
occur almost simultaneously. Baker and Turner,2 working at Vienna,

ISwain, Albert F., A Synopsis of the Aphididae of California, University of Cali-
fornia, Tech. Bul., Vol. 3, No.1, pp. 94, 95, 1919.
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Virginia in 1915, observed a difference of eleven days between the begin-
ning of the hatching period of A. avenae and that of A. pomi. Peterson3
studying these species in New Jersey in 1919 observed a difference of
fifteen days between the beginning of the hatching periods

In Western Oregon, the hatching of Aphis pomi begins from nine to
fifteen days later than A. sorbi. The extreme scarcity of A, avenae in the
orchards under observation here has made it impossible to determine the
exact date of hatching; however, it occurs, certainly from ten to fifteen
days prior to the hatching of A. sorbi. This makes an interval of from
nineteen to thirty days between the hatching of A. a'venaeand A. pomi.

The length of the hatching period shows a similar regional variation.
Baker 'and Turner record a period of seventeen days between the hatch-
ing of the first and last eggs of A. pomi in Virginia. At Geneva, N. Y.·
in 1916, hatching began on April 26 and was completed by May 2, a
:period of six days. At Corvallis, Oregon, in 1921, the eggs upon one tree
under observation began hatching March 20, and continued to hatch
until April 18, a period Qftwenty-nine days.

SUMMER ACTIVITIES

The most pronounced regional difference noted in the behavior of
these' aphis during the summer months occurred in the time of appear-
ance of the winged forms.

At Geneva, N. Y., in 1916 the second generation of Aphis avenae con-
sisted entirely of winged individuals, and the species quickly dis-
appeared from the apple. Baker and Turner,s reported 98.1 per cent
of the second generation winged at Vienna, Virginia in 1915. At
Corvallis, Oregon, in 1919the wingless forms were very few in the second
generation. They became predominant in the fourth generation.

A phis sorbi shows a tendency in this same direction, which accounts
to some extent for the more serious nature of the pest under Western
Oregon conditions.

During the summer of 1919, specimens of A. sorbi were placed on a
young apple tree enclosed in a cheesecloth cage. This cage was kept
constantly moist, thus reducing the temperature, raising the relative
humidity, and inducing the tree to continue a rapid and succulent growth.

2Baker, A. C. and Turner, W. F., Morphology and Biologyofthe Green Apple Aphis
In Jour. Agr. Research, V, pp. 955-993,1916.

3Peterson, Alvah, Response of the Eggs of APhis avenae Fab. and APhis pomi De
G. to Various Sprays. In Jour. Econ. Ent., XII, pp. 363-386, 1919.

·Parrott, P. J" Hodgkiss, H. E., Lathrop, F. H., N. Y. Agr. Exp. Sta. Bul.431, p.40,
1917.

BBaker, A. C. and Turner, W. F., Apple-Grain aphis, In Jour. Agr. Research, XVIII
pp. 311-324, 1919.
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The wingless viviparous females were produced throughout the i?urmner
and were present until killed by frost in late November. So far as
could be determined, there was no tendency to produce oviparous forms
in the fall, and there was no indication that the species could maintain
its existence upon apple for more than one season without the aid of the
plantain forms.

A phis porni also shows a regional difference in the production of winged
forms. Baker and Turner found that "in the second generation, the
winged form outnumbers the wingless" in Virginia. During the spriiig
of 1916, the writer observed colonies at Geneva, N. Y. in which at least
ninety per cent of the second generation developed wings. This high
percentage of winged forms in the second generation seems characteristic
of A. pomi under Eastern climatic conditions. The scarcity of winged
forms of later generations is equally characteristic.

Observa tions in Western Oregon show that there is much less tendency
to thus segregate the development of winged forms. In this section,
winged forms are usually not numerous in the second generation. Here
the migratory forms are much more numerous in the later generations
than is the case in the East.

WINTER ACTIVITIES

The hibernation of A phis porni as observed in Oregon shows no con-
spicuous variation from the behavior of the species elsewhere.

Aphis avenae in Western Oregon winters principally as viviparous
females on grains and grasses, where growth and reproduction take place
during the winter months when the temperature permits. Compara-
tively few migrants appear on the apple in the fall and hibernation in the
egg stage on apple is unconunon.

Aphis sorbi in Western Oregon produces numerous migrants which
return to the apple in the fall, and are normally sufficient to produce a .
severe infestation. However, in this section, only a portion of the plan-
tain forms become winged in the fall. A considerable percentage remain
on plantain throughout the winter months. Reproduction and growth
continue during the winter, although reduced to a very low rate. Speci-
mens born in the insectary at Corvallis, November 27, matured February
10- a developmental period of seventy-four days.

Wintering on plantain is apparently normal with this species in the
climate of the Wil1amette Valley, for infestation has been observed in the
field throughout every winter since 1917. During the winter of 1919-20,
Aphis sorbi on plantain in the field, where protected by snow, withstood a
temperature of thirteen degrees below zero. Where there is no pro-
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tection,. the species succumbs to a much less vigorous temperature.
With the approach of spring, the overwintering forms on plantain

become more active, and winged forms are produced to spread the in-
festation.

ECONOMICCONSIDERATIONS
The effects of regional variation in the behavior of apple aphids are of

direct significance to the commercial fruit grower. The more severe in-
jury to apple orchards normally resulting from attacks of Aphis sorbi in
Western Oregon, makes the control of this pest in this section even more
imperative than in regions where injury is less pronounced.

As a rule, Aphis pomi is less injurious in orchards of Western Oregon
than in the New York fruit districts, and in normal seasons causes the
Western Oregon orchardist little concern.

Aphis avenae is of no importance as an apple pest in Western Oregon.
By wintering on plantain, Aphis sorbi becomes independent of apple

in Western Oregon. The continuous breeding on plantain produces a
source of supply of these insects, which serves as a reservoir for the spe-
cies, and which accounts in part for the greater infestation of apples in
this region. Any campaign which might be undertaken for the actual
eradication of the species from Western Oregon would have to be waged
against the plantain forms as well as the infestation on apple.

In Western Oregon the greater capacity of Aphis pomi for dispersal in
the later generations would probably greatly interfere with the control of
this species during seasons of unusual abundance.

The most unfortunate effect, however, of the regional variations noted
is the failure of the standard" delayed dormant" treatment to success-
fully control Aphis sorbi in Western Oregon in spite of the success with
which this treatment is applied in the East. The unsatisfactory results
which are attending the use of the" delayed dormant" spray of nicotine
sulphate for the control of Aphis sorbi in the Willamette Valley are prob-
ably due to the long-drawn-out hatching period more than to any other
factor.

LIFE mSTORY OF THE CODLING MOTH IN WALNUTS
AT SANTA ANA, CALIFORNIA

By H. J. QUAYLE

LIFE HISTORY

WINTERINGLARVAE. The larvae winter in cocoons beneath the loose
bark of walnut trees, in old pruning cuts, under bands, if such are present,
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